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In recent years the popularity of tooth colored restorative materials has led to a rapid increase in the use of resins. Composite resins, polyacid modified resin-based composites (compomer) and resin-modified glass ionomers (RMGIC) are most commonly used light polymerizable restorative materials. Composite resins are recommended for use mostly in permanent teeth whereas compomers and RMGIC are preferred in primary teeth and non-stress-bearing cavities in permanent teeth as well.\[[@ref1][@ref2]\] Light polymerizable restorative materials are most widely preferred due to advantages such as esthetics, improved physical properties and operator\'s control over the working time.\[[@ref3]--[@ref6]\]

Since the introduction of these light polymerizable restorative materials, there has been a concern about the appropiate depth of cure throughout the restoration. Moreover, the significant role of effective polymerization in long-term clinical success of resin restorations has been well-documented.\[[@ref5]\]

Clinical studies related to the survival rate of direct resin composite restorations revealed 30-60 % of all restorations had been replaced within 3-8 years. The reasons were mainly due to secondary caries followed by discoloration, degradation, microleakage, wear or ditching at the margins.\[[@ref7]--[@ref9]\]

Studies revealed that inadequate polymerization can contribute to a variety of clinical conditions such as discoloration, pulpal irritation, post-operative sensitivity and eventual failure of the restoration.\[[@ref6]\] Factors affecting the polymerization of the resins include those directly related to restorative material including shade, thickness during polymerization and composition of the material. Light intensity, wavelength, exposure duration, size, location and orientation of the tip of the source are factors related to the light curing units (LCU).\[[@ref10][@ref11]\]

In a composite restoration, photopolymerization is of fundamental importance because adequate polymerization is a crucial factor for optimization of the physical and mechanical properties and clinical results of the composite material. Inadequate polymerization results in greater deterioration at the margins of the restoration, decreased bond strength between the tooth and the restoration.\[[@ref12]\] greater cytotoxicity\[[@ref13]--[@ref17]\] and reduced hardness.\[[@ref14]\] Therefore, the dentist must use a LCU that delivers adequate and sufficient energy to optimize composite polymerization.\[[@ref15][@ref16]\] Varying light intensity affects the degree of conversion of monomer to polymer and depth of cure.

Four types of polymerization sources have been developed like quartz tungsten halogen (QTH) lamps, light emitting diodes (LED) units, plasma-arc lamps and argon-ion lasers.\[[@ref16][@ref17]\] Halogen lights and LED units are overwhelmingly applied in daily clinical practice.\[[@ref18]\] Halogen lights, a low cost technology, have been the most frequent source employed for polymerization of composite resin materials.\[[@ref19]\] Their broad emission spectrum allows the polymerization of all known resin composite materials available.\[[@ref17]\] However, they have several drawbacks. Their efficiency in converting electronic energy into light is estimated to be low. Up to 70% is transformed to heat and only 10% is visible light, including the blue range desired for polymerization.\[[@ref19]\] Therefore, filters are required to reduce heat energy transferred to the oral structures and provide further restriction of visible light into the narrower spectrum of photoinitiators.\[[@ref17]\] Of the visible light, due to the use of cut-off filters, a further 90% is wasted. Therefore, the final blue light output is less than 1% of the total energy input.\[[@ref17]\] Moreover, light filters degrade with time due to the high operating temperatures and proximity to the halogen bulb.\[[@ref20]\]

Several studies have pointed out that many halogen units used by clinicians do not reach the minimum power output specified by the manufacturers.\[[@ref18]\] A lack of maintenance, such as failure to check the LCUs irradiance or to replace the halogen bulb from time to time, maybe a cause for this.\[[@ref19]\] The lifespan of a conventional QTH lamp ranges between 30 and 50 hours.\[[@ref21]\] These shortcomings could result in inadequate curing which in turn could negatively affect the long-time success.

In 2001, with the objective of overcoming the limitations inherent to halogen lamps, the first LED curing units were introduced into the dental market\[[@ref22]\] LEDs use a combination of two different doped semiconductors instead of a hot filament.\[[@ref18]--[@ref20][@ref23][@ref24]\] The spectral output of gallium nitride blue LED conveniently falls within the absorption spectrum of camphoroquinone.\[[@ref16][@ref17]\] Therefore, they do not require filters to produce blue light and they convert electricity into light more efficiently.\[[@ref24]\] The advantages of the LEDs are they produce less heat therefore no cooling fan is required, they are smaller in size and cordless.\[[@ref24]\] Moreover, LEDs can operate for thousands of hours with a constant light output in power and spectra.\[[@ref21]\] Contrary to first generation LED curing lights, newer units deliver with an intensity power higher than 400 mW/cm^2^, allowing a reduction of the exposure time recommended by composite manufacturers.\[[@ref22]\]

On an average, the LED light source is expected to perform for thousands of hours compared with the 30- to 50-hour performance or QTH bulbs. Degradation of bulbs and loss of reflectors caused by heat from the filament commonly seen in QTH lights does not apply to LED lights, because LEDs use gallium nitrate semiconductors as the source of luminescence. However, this long-term performance should not exempt LED lights from routine in-office evaluation.

An adequate polymerization of resin composites is essential for the ultimate success of the restorations. Depth of cure and microhardness testing have been widely used to assess the relative degree of cure of resins and thus, the efficiency of light sources .Most of the studies on composite resin curing, stress the importance of sufficient intensity output of curing lights.

In the process of polymerization, light intensity and light curing time are two important factors that impact the number of photons delivered to a specimen. In general, a light intensity of 400 mW/cm^2^ for 40 seconds is sufficient to polymerize composite of 2-mm thickness. Recently, light intensity modulation methods for the irradiation mode have been introduced with the expectation that they may reduce polymerization shrinkage. Unlike the conventional method (continuous and constant curing), these methods employ soft-start protocols such as step curing and ramp curing, or a pulse-delay curing procedure. However, in many cases, the results achieved with these light intensity modulation methods were not better than the conventional method.
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The determination of the actual light intensity of polymerization lights is an important issue. Comprehensive tests conducted by the University of Mainz (Prof. Ernst) in dental practices have shown that many curing lights do not achieve the light intensities stipulated by the manufacturer. In extreme cases, the lights did not even achieve half of the specified power. Therefore, it is recommended that dentists check the light intensity of their polymerization lights at regular intervals. Radiometers (L.E.D, QTH) are useful for quick routine tests to check the light output of a curing light in the dental office.

Roberts and colleagues reported that the two radiometers (QTH and LED) [Figure 1](#F1){ref-type="fig"} may be used interchangeably for measuring the irradiance of QTH and LED lights. They also reported that the two radiometers give slightly different but correlated readings. In their study, readings from LED radiometers were slightly lower than readings of QTH radiometers. Irradiance values obtained from hand-held radiometers (QTH or LED) were significantly different from those obtained from a laboratory-grade power meter. In general, intensity outputs measured by handheld radiometers are relative and not absolute.
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Also there are a number of factors with a direct effect on the power intensity measured by radiometers. These include

The size of the curing tip.Composite resin build-up on the curing tip.The temperature of the bulb in QTH units.The orientation position of the curing tip to the radiometer.The voltage regulation andThe reliability of the radiometer itself.Handling of the LCU.

Studies have shown that the power intensity of curing lights is significantly reduced by the presence of composite resin build-up on the curing tip. Leonard and colleagues examined the reliability of several commercial radiometers. They reported that only 1 built-in radiometer with a 10.5-mm tip provided an accurate measurement of the irradiance value.

Barghi N, Berry T, Hatton C. Evaluated intensity output of curing lights in private dental offices\[[@ref13]\] and concluded that 30% of the curing units had power densities \<199 mW/cm^2^ which were inadequate for curing composite resin. The remaining lights displayed power densities between 200 and 349 mW/cm^2^ and were labeled adequate output for use with small increments of composite resin and increased curing time to ensure sufficient energy density.

CONCLUSIONS {#sec1-2}
===========

After reviewing the above literature, every clinician will agree that one must check not only the intensity of the curing units but also other important factors like battery, filters, internal connections, cleanliness of the tip and sleeve periodically in order to avoid unwanted composite failure in our day-to-day clinical practice.
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